Objective: Evaluation and comparison of the efficacy and safety of 3 different modalities of treatment for dark circles that function via different modes of action.
1
The objective of this study was to provide clinicians with a guide to the evaluation and treatment of POH using three therapeutic modalities. First, carboxy therapy is a noninvasive procedure that involves the transcutaneous injection of CO 2 . This procedure stimulates the production of new blood vessels by increasing the levels of growth factors. This increased blood flow supplies oxygen and nutrients to the skin and vessels, which ultimately improves the appearance of the skin. 5 Second, chemical peel therapy involves the application of lactic acid (LA, 15%) in combination with trichloroacetic acid (TCA, 3.75%) to the skin, and this has been used previously to treat POH by Vavouli et al 6 These chemicals cause controlled damage to the skin, following which regeneration and rejuvenation of the tissues occur during the healing process. [7] [8] [9] Third, mesotherapy refers to a variety of minimally invasive techniques that consist of intracutaneous or subcutaneous liquid injections. Some of the more common chemicals that are injected in mesotherapy are vitamins such as vitamin C that can aid in facial skin repair. 10, 11 Vitamin C reduces POH as it inhibits the enzyme tyrosinase and has an antioxidant effect, thus preventing the production of free radicals that can trigger melanogenesis. It also promotes collagen determined according to the Fitzpatrick skin type classification.
Patients were photographed using a digital camera (8 megapixels) before the start of treatment, and a blood sample was taken to test for complete blood count and liver function (SGOT, SGPT, alkaline phosphatase, serum bilirubin, serum creatinine), before dividing patients into three groups randomly. alcohol was used to remove any impurities and excess oil from the surface of the eyelid. Four layers of peel were applied to each periorbital area; the first layer of peel was applied in the area of intense pigmentation, and then the surrounding areas were treated. The duration of the first, second, and third layers of peel was 1-2 min, and the fourth layer was applied for about 5 minutes. The total time for a session ranged from 9 to 12 minutes. Then, the peel was neutralized with a wipe moistened with a 12% solution of arginine, and the patient washed the treated area with water. The patient was advised to avoid exposure to sunlight for 24 hours, but if exposed to direct light, she was recommended to use sunscreen and sunglasses. The color of the pigmentation following treatment was assessed according to an improvement score (from 0 to 4). 13 The level of patient satisfaction was also assessed.
Group C (mesotherapy group): 15 female patients were treated with mesotherapy, which included administration of an insulin syringe (30G LUER 0.30 9 4 mm needle). Vitamin C was extracted from an ampule (comprising the ingredients: ascorbic acid, aqua/ water, disodium EDTA) using a large bore needle. About 10 mL was injected intraepidermally into both lower eyelids (5 mL for each eye) Upon final examination, patients were asked to score their level of overall satisfaction on a quartile scale: 0, not satisfied at all; 1, slightly satisfied; 2, moderately satisfied; and 3, highly satisfied.
| Statistical analysis (material and methods)
We calculate sample size according to Raosoft, and all statistical calculations were done using SPSS (statistical package for the social science version 25.00) statistical program at 0.05, 0.01, and 0.001 level of probability. 14 Quantitative data with nonparametric distribution were done using analysis of variance Kruskal-Wallis test, qualitative (categorical) data were presented by frequency, and percentage was calculated using Chi-square. The confidence interval was set to 95%, and the margin of error accepted was set to 5%. The P value was considered nonsignificant (NS) at the level of >.05, significant at the level of <.05 and .01, and highly significant at the level of <.001.
Pearson linear correlation coefficient (r) was estimated to show the relationship between parameters. 15 
| RESULTS
In our study on 45 female patients with dark circles around their eyes, we found that median age of group A was 27 years, 27 years in group B, and 33 years in group C. There was no statistically significant difference when comparing groups A, B, and C regarding patient's satisfaction after treatment (P > .05). In total, 33.3% of group C patients described their satisfaction level as being excellent, compared with 0% and 6.7% in groups A and B, respectively. These data regarding satisfaction levels are presented in Table 2 .
F I G U R E 2 Injection sites for vitamin C mesotherapy group
Pearson correlation analysis was performed between the degree of improvement and Fitzpatrick skin type, the grade of pigmentation, the duration of pigmentation, and patient satisfaction, and statistical significance was only detected between the degree of improvement and patient satisfaction (P = .000, r = +.806), as shown in Table 3 .
Regarding treatment complications, there was no statistically significant difference between groups A, B, and C (P > .05), although patients of group A complained more frequently of pain and edema of the eyelid (26.7%) as well as hematoma (20%), while patients in group C complaining more frequently of a burning sensation (26.7%). The data regarding treatment complications are presented in Table 4 . ns, nonsignificant at P > .05.
T A B L E 1 Descriptive statistics and results of comparison for demographic data collected on the studied groups

| DISCUSSION
The development of dark circles under the eyes at any age is of great aesthetic concern because it may depict the individual as sad, tired, stressed, or old. 9 The periorbital area is one of the first facial regions to show the signs of aging. Even minor changes in its volume or structure can distort the perceived emotions and health of patients, possibly diminishing their confidence and well-being. 16 The etiology of POH is multifactorial. It may be indicative of an underlying systemic disease (eg, Addison disease), an allergic reaction, nutritional deficiency, excessive sun exposure, or sleep disturbance. There is also most likely a familial component as this condition is often seen in family members over generations. However, chemical peel therapy was cheap and easy to perform and therefore preferable for the treatment of POH compared with carboxy therapy that was expensive to perform.
In the current study, when comparing the results from each treatment modality, we found that the degree of improvement in POH patients in groups A and B was consistent with the findings 
